Mechanisms of fat-related modulation of N-nitrosodiethylamine-induced tumors in rats: organ distribution, blood lipids, enzymes and pro-oxidant state.
Groups of rats, either dosed with N-nitrosodiethylamine (NDEA) for 10 weeks (from the age of 7 to 17 weeks) or untreated, were fed diets containing either 2% (low fat, LF) or 30% polyunsaturated fat (high fat, HF) on an equicaloric basis from 5 weeks until rats were 43 weeks old. Biochemical parameters were measured during and at the end of the experiment in various organs, blood, urine and exhaled air, for correlation with the presence or absence of tumors. The HF diet tended to increase the number of hepatic tumors induced by NDEA, while the number of extrahepatic tumors was higher in rats fed on the LF diet; also the overall tumor incidence was higher in the LF group. In the HF/NDEA group, only two benign extrahepatic tumors were found. Plasma total and free cholesterol and triglyceride concentrations were lower in the HF than the LF group without NDEA treatment. In animals bearing liver and/or extrahepatic tumors all plasma lipid concentrations were lower than in tumor-free animals. Only minor or no changes were detected in blood catalase activity, malondialdehyde level, reduced glutathione (GSH) level or GSH-related enzymes and excretion of thioethers in the urine due to dietary modulation or NDEA. Changes in the liver that were associated with the HF diet were: (i) increased amounts of some polyunsaturated fatty acids and of total phospholipids in liver microsomes; (ii) an enhanced level of lipid peroxidation in liver; (iii) a decrease in liver glutathione levels during NDEA treatment, with a simultaneous adaptive increase in superoxide dismutase levels, and a decrease in renal glutathione levels in both treated and untreated groups; (iv) enhanced microsomal induction of aminopyrine N-demethylase and epoxide hydrolase activities by NDEA, and (v) decreased hexose monophosphate shunt (HMS) activity. All mono-oxygenase activities were lower, and the activities of epoxide hydrolase, UDP-glucuronosyltransferase and HMS were higher, in liver tumors than in non-tumorous liver of similarly-treated rats. Neither diet nor NDEA had a major effect on drug-metabolizing enzyme activities in lung and kidney. HF diet significantly increased ethane exhalation (an indicator of the whole-body pro-oxidant state) over those on the LF diet: in rats on either diet, it was further increased when NDEA was given. Ethane exhalation was still elevated 30 weeks after the cessation of NDEA treatment. Our results suggest an association between the observed changes in biochemical parameters, notably oxidative stress, due to dietary modulation and the altered tumor incidence and organ distribution of tumors induced by NDEA.